Light emitting device and mfg. method thereof 



Patent number: 
Publication date: 
Inventor: 

Applicant: 
Classification: 

- international: 

- european: 
Application number: 
Priority number(s): 



CN 1169036 
1997-12-31 

TATSUYA KUNISATO (JP); TAKASHI SANU (JP); YASUHIRO AGETA 
(JP) 

SANYO ELECTRIC CO (JP) 

H01L33/00; H01S5/00; H01S5/323; H01S5/343; H01S5/323; H01L33/00; 
H01S5/00; H01S5/00; (IPC1-7): H01L33/00; H01S3/18 

H01 L33/00C4D3C; H01 L33/00G3B2 

CN1 9971 01 0806 19970425 

JP19970055221 19970310; JP 199601 07833 19960426 



Also published as: 

EP0803916(A2) 
US5990496 (A1) 
JP1 001 2923 (A) 
EP0803916 (A3) 
CN 1540775 (A) 

more » 



Report a data error here 
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Abstract of correspondent: EP0803916 

A light emitting device includes a cladding layer composed of 
a lll-V group nitride system semiconductor of a first 
conductivity type, an active layer formed on the cladding layer 
of the first conductivity type and composed of a lll-V group 
nitride system semiconductor containing In, an undoped cap 
layer formed on the active layer and composed of a lll-V 
group nitride system semiconductor, and a cladding layer 
formed on the cap layer and composed of a lll-V group nitride 
system semiconductor of a second conductivity type. 
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1. JtftfiEft^lKifcfifi: 

A Al u Ga,. u Nfaj£#ri£MMM, 
&|g-#ife^3!!tfJ Al 2 Ga,. z N $Uft#r&fg-'&m, 

s+^an ai *a#tfc u ai z . 
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^ 200 A, RKXT*#}400A. 



13. jRtiLmm& 1 JBf&tt^Sfl 1 . AI x Ga,. x N^/£|&^# 

;*:^0{B*j&& l. 

5 14. MflJ^ 13 ffiteMfrftm*, #ftftlE=?m7£W:ftm Al x 

^/Jn^ 0.4 , {B/Jn^ 1 . 

is. iMfrftm* 14 j^tfi^fttw, &&utE=?ffi&mttm ai x 

0.4 fa^Jz 0.6 . 

10 ^Jl^fe]^ Al y Ga,. y N MMTI, ffi&Tm Al & y ^/M 1 0 , {§. 

/Jn^ 1 1 . 

17. -##Ji££:ft3S#l#;2m, ^#SE^^^IUT^^: 

15 iMAft^^^WIil. 

18. Jn&fiJif* i7 0f^«ai«*##W*-ft. 2£#fiE£T .. 

mmmmm & nit® % 

19. interna i8 0r&frJ^£«Wftt2rfe, ^$HE£T 

25 2i. $mmm#2om&mxk2tJtmi<¥&)iT&, ^wu^m^nm^-n^ 
femmw m-v 

23. imtiL%m* 22 fr&um.%titm*tf}j>$k, nn^=r 

30 #ri£&Mf£-#-#te^Mi& Al z Ga,. z N 
fMSlli Al u Ga,. u N MR 

m&mmm ai mm.fr tt u /m^ji ai mm.fr tt z . 

24. tmmm* 23 ^^Jit^^^^W^rfe, ^eme^ #T*£SMJ1 Al &) 



1 I 

• » 

^F/Jn^ 200Aife^F^C^ 400 A. 

5 

27. $n#*«JII>fc 17 ^^fiE^^^Jf^SMM^ 
H'^^^^'P 700 "C-tJi^^ 950 -c m&^UgTFl&l&fX&W.^B:. 

28. intiimm* 17 B»f3$f!l^^^^^^rfe. ^#SE&^/£#fi£MM/I#j 

10 29. ^D^Tpj^^c 17 ffi&ft\m.$iytm*MJrn;> M&fr&^m InGaN ^/£#T*£ 

30. 1mtiL$m& 17 jsff^J^^7t^^^?*> ^#II4fMfIIMl 

?mi%n, Jtt^ftl^^ InGaN S^^MW GaNS^HM, 

^^Jgff^SMW^IRfe®^^^ 700 tiifc^KT 950 'C6<j^-^mjgT^ 

15 GaN fi^f^JI. 
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& III-V mMit^S^n^^i^^tin GaN . AlGaN > InGaN fH InAlGaN 

*. 

© 8 iii-v ««ft«^^J^*#Wj«W*^*— «*»^*^WB. 

&M^;&i«101±^&^J&GaN^#J1102. ^Rlffl# n 
MM n M GaNgMftJI 103 , InGaN 104 . p IS AlGaN iHM 105 , lUJt.p 

M GaN ^#4 Jt 106. 3EpSGaNgMi*JI106±^JBfcpi&ftl07, SnfGaNi 
MM 103 n 108 . 
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600 


N M&AiJt 103 


1150 


W«M 104 


860 


Plfei 105 


1150 


Plgllll 106 


1150 



%Mi£&ft'£:3b=.WL < gft, %TmMM&>i£ikBt> & InGaN 104 ±3& 

j&plH AlGaN -SM 105 f#£-£i&J£t£ InGaN ^MM 104 ft. ££nifcti^ 

&}MB£T£.-& p M AlGaN 105 S InGaN ^$UI 104 #J*&J&7E,^, #P 

In #J#:*. =F p M AlGaN 105 HflcH*fi£*F7 InGaN 104 M 



1 



inlaws*. hkm^wn%-Jt&&Mi%to. 

10 ^lilfJ^If ttt. 

& Al u Ga,. u N^$;^0, #&S&-#t£JIS!l$ Al z Ga,. z Nfaj£3§z:&Jl, £ 

till ai ftt*fi#tl: u m&'b^M~&B: ai itt*&#fcfc z . 

15 ft^FS GaNfl^J&l^ — 

SMJtAllftM^bfcu 0.1 j£M/K S#E*3 GaN^MM 

jl. itittstS^T. GaNM^^WMMMRr^ih^^MWiaj^Tc^itJin^W^*. 

m^B^m&MI^^A^X^ 200a, _a^i&#:*:#j 400X. gaJSitH^n 
pji^^##^^^^;W#j^±^^;m— ^PWAT Al x Ga,. x N 
30 W:Wm ai Wia^fckx*^^jo.4gcM^:, fi/hf i . ^nis 

^7t^#idE^{itT^^Mfflm—&jl^|Bl* Al y Ga,. y N ftl^WTI, 



iii-v mmikw&m*^fc&i&&m. ^i* inGaN ifMii. &jit 

15 Iflf^A Al u Ga,. u N ^j§«^*-#^m^M6<J Al 2 Ga,. 2 N tfej^;, 

in ai mm.fr & u s# /h^p ai tom.fr t£ z . 

i.^^Ji, If I Al Mm.fr tt u S^Jfi^^ 0.1 gcH'K S^JtSfriij GaN 

^jtfcit^T, m%)& GaN mfttiimmm, mvm±j^mmtom^mm 

mm.m&)mmM]frJf4^200A#ttT 4ooa. ^^mmmn^mm. 

i&=f- 700 x: R^n^ 950 -c M£.-&MjgTfci&mnm. mmm^mmf-tE^i^ 700 
30 pjm±^m^mmm.^7tMmt.mto^. 

f^IS$fMf?i^. Jik^^I^ InGaN g^Mftl GaN 
M, m^^^-fe^fe^E^ffef 700 'C R^M"? 950 C &JtkikUmT%>I& GaN 

&%:jft&&m^X. "TJC In ^bfctf&TM^M* In *&#bfc#J InGaN ffi^fi 



10 imswiift^^^^^ftis. 

^— ^RTiMfflm— ^fe^MM m-v fll* 
m-v|£M4fc^?iJ^#faJ£, «3ilJB*ra-v»mfli«*«i**fl:»j«. %~ 

«^^««±^^ffl^ H B a m-v mmtm^m^^^mm^mm 
guMfp^— ^m^^t^h^-K:. s^ffl AiGaN T&j&mnm. m*¥m-&*sum 

20 S l SIRS^lfeWm— ft«W^*S«JMS. 

30 £S 1 4 3 ,^^SS^^/El±^^^^110Aj?^^^Al x Ga,. x N(x=0.5) 

i^!2, 0.2n m^i^GaNTl3, MfflU n IfiMW 4 p m Hi 
Si (ft n M GaN 4 , IMS 0.2 n m W% Zn fP Si tfj In q Ga,. q N(q=0.05)WW,M 

5 . £ InGaN MWM 5 l^^^fflf^JhWill 5 * Attfifefigtt 200Ajgtfj3c 
GaN Hi 6 , 0.15 n m p S9 Al z Ga,. z N(z^0.2)^M 7 , IMS 0.3 



M m m&m&J P M GaN 8 . 

p M GaN gjiiJI 8inl GaN gfcUI 4 tH^tt^M, AMI 
^tii n M GaN ^ftfejs 4 . p M GaN iUil 8 tfj±i£ffij£j£ Au **JJ&ltt p 9 , 
^§ifi n M GaN gftfeis 4 ftj n %$J£lft£*£±^;£ Al t^jftlft n 10 . 

| fi B a ^SST, 600 -c iiaJE h 2 *q n 2 JBtf^^ 

10 #J AlGaN^#Js2 . 

mm, mim. 1 &;8£#- B B B £^®Si£s*?Ji: 1000-1200 -c^^umT, 

Win 1150 x:, ililJBH 2 ^ K 2 mftmK#&m.7m~¥m&(TMG)mftWMKfc 

&mtf>B 2 ±^j£# B B B *^#J GaN TI 3 . 

^*e?« 1 1000-1200 -c^^Wi^T, m 

15 *P 1150 MateH 2 ^N 2 ^^^^^^M7X^H^^W(TMG)ffi^iE^#:IM 

siH 4 m^^HW^rm 3±±^msi n m GaN mmm 4 . 

JEMiS 1 ^^H H B ^^^^^.700-950Xfi<J^^T, #) 
#R 860 X:, iia*EH 2 ^N 2 ffl#iS^fEm7jC. H^S^(TMG)^H^S^i(TMI) 
ffl^^^^^IM^lJE SiH 4 *PZlZlS^(DEZ)ffi##^te& n iiMI 4 ±£-£ 
20 ¥-Mi10 Si *P Zn P<J InGaN ^'MB 5 . 

mm, mw& 1 ^^^m^^nm 5 ^-k^sm^t, ^it%m 

m*¥$L=? 860 X: W^ST. alette H 2 fP N 2 ^fc^#ffi#t7jtftH¥S^(TMG) 
ffl#J^^^^-^W^M 5 InGaN 5 ±mm*k&tt£& W^-b b b GaN 

' IIM6. pJfflHZ J *^(TEG)*#'ft(TMG). 
25 l ^£^ h b b£K&J£, BP*£P3? 1000-1200 X: fft£-fc2&£T, 

«P 1150X2, iliSffi H 2 *Q N 2 mftm.*%#ft.m.7k. H?^(TMG)*PH¥^*S 
(TMA)Mf£j»4H#lM.&*e Cp 2 Mg(JF]!£- Z.mm)mftm&%fo& GaN III 6 
±£-fc^ MgWp M#-al AlGaN 7 . 

t£3f, ffi^jg i &ft&$-£h£.&um, BP*^f^ 1000-1200 x:i&£-£^jgT, 

30 #i$qii5o-c, m&fcu 2 ftN 2 mftmK#tem&ft=^&&(TMG)mfeWM%ft 
w&je c P2 Mg(5f }X-z,mm)m^m%w^E P m&m i ±.±&& M g m ? m& 

tfa GaN ^JI£JI 8 . 

?£ 0 B B ^-fe^, *E*« 1 JAi&^&ft. ^ffl^^^^Ji*(RIE)|^*Rp 
S^ftUl 8 m n i^MI 4 <f fa]ltt-£P#, l^ifc^HdJ n liMI 4 M n ffe®; 



750-800 x: mumr^u^mn 30-60 vm&pm 

tg^lfc^fcl^ifrfc n M^liM 4 #J n £i^±J£j& Al $^J5£#J n fefe 10 . 

£SJ3ia*T 500 TC «J^4b3g, p %ft 9|Pn 10 ##J-*3 p SlgflfcJg 8 ffl n 

SU&fcliJI 4 Tfcj&Efcit&M, lUJ&Jfcffl i ^Wt^n Sit. 

jfc^ftZlfiMf GaN St! 6 InGaN Jt 5 AffiBfrlt 

10 TMIM5Mt«J5- InGaN^"M5fi«IfflJ*7C**JP«iW^*, 

tTfScA^Js 5 . 

jtfc^K ^^jtfc^^jw GaN in 6 M^^mmm^mnm^Bxm^^ 

15 Jg, J9fIUWSfc**P±T^S5lfi<I^rfifcAlnGaN^«M5. 

S«ilUfc£ifitoW£#— tttftt. £^P&^InGaN^$Ul5 
2§ij!g&«jgT, J:^^ InGaN WiEJs 5 W^3lM±£-&*^ff?J GaN 
25 6. 3*^{K.pIE&±^^^;MMM 6 Btf, InGaN^2|jl5 ^iaj^7C^6<J^*, tfcPJ 
B&jh^«MM6 5^jKSlnGaNW^M5 fajSTcSfW^c*. 01%. ltt^5£#lB<Jf&l 

m GaN Iff 6 ^^fe«l±TiA InGaN GUM 5 + £&j£7G^lft£*, #HW7 

30 mmtkrmjj. 

200Aj?#J GaN Iff 6 #J±j$*M*J, £:ft$££37 340(ft&#{£). 
1000 A J¥M GaN If! 6 ft±3£^&£?fc3Ig^ 36(#£-£&). S^f^SI 
M 6 fft£!i1*l#j£ft3I^, 200AfWaiI 6 ^H<I^SljSW^ + 

. 300AJ¥«JGaN«MM6 8Ui&^1*l, ^TtSSM^T 200 AfMSII 



^&W2Hfc5SffiBn.4f&, 400AJPM GaNSfl6 #J_ti£^, ^£^31^ 

# 200Aff WSRUJi^ Wt^SSM 0.8 fg. 

SHt^T^ GaN III 6 fftj?Jg& 200-400 A ^ fa] B»T^#a^^^, 

# GaN 6 W£^*l#m£W#3£;L^&W*^ 

^ffiGaN^ffl^^ B s a ^^M2B^, -&#^jt^oT^^^mW^®%. S 

jtfc, ja^^sm^*. *e GaN mm^mwm 2*x&&. 

10 Tl3^65f B B B |)tl2, MA^SkitttlRj&aftHStffi A1N fi, AlGaN 
XfJW#*l» Al m.ftlt&} AlGaN MWS^IStt&ft X Jt^flJlt3fe«W 



Al Wi^ 




X U^; FWHM(arcsec) 


! l.o 




550 


0.8 




504 


0.6 




451 


0.4 




390 


0.2 




428 


0 


i ftgwm 





3t 2 fftig^TKtfci AlGaN IW Al ffl#tfc*J 0.4 iKH^^h'f 1 *^5t«J, MI 
S&Wfi'F'h'f 0.4 ^JkT 0.6 . 

ffc HTM 3 , AlGaN GaN B, U A IN TJi:S£? 

20 w, H^-es^ais^Bif^s. 

tt&1fcW^f£— ^Jfi^JW^I^^Ab^ . ^ffl 200Aj?W^^Al u Ga,. u NM 
^MHI6, GaN jl. uWTOf O.1 fP0.2. 

25 ^J^,-dlaiaMOCVD&&-^W^M 5 &}£.&U&ffiWi&lM.]g.Tl&J&$t Al u Ga,. u N 
M, &Jtt^jj£#!j + ®JS^ 860 X: . ffi H 2 m N 2 JBfl^X ^HCfC*. E¥S^(TMG) 



-^m— ^Sfi«+RTli^450(tt*#fi[)^5fcSlJK«J^r 200Aj##j5tM#& 
GaN Iff 6 ffltfc, ^JfiW + W Al Wi^tb u 0.1 Al„Ga,. 

5 u NSMMii«W^3SS/h : f'&^-^^ 190(tt*4Mfc). 

^ Al «jS#bfc u &:fc*<J 0.2 #J Al u Ga,. u N III, #£!jlft£ft3£^i- ^ Al ft 

ffi^tt u # o.l wMJiftj2t3fc3S£«j=#£— . 

GaN 1^*111 6 , W&^JE Al.Ga,. u N JlBtf, fjtP 0.1 

WS/h Aia^tku^*»W. Al WS^fctfcS*, jaa AlGaN W^fBKAl^:. £n3g— 

10 ^fff^pl^I 7 6tl A\*&ft\£$I 0.2. ^Sil 6 Al ffta^fcfc^/ 0.1 

15 jit^#J^-£^#yft^£&£^^&JB GaN TI 3 , l&TTfe#^ 

j& GaN TI 3 WX^^WIU^. Kfta^fe^m— ^Jfi^JW^r&~#. 

20 ItMM 4 5fPW«M 5 £|b]£-£± n M AlGaN n liltl 4 fP^igJI 

5 3L\b}£.-&± n S! AlGaN *P n S! InGaN M. 

5 pTJMT In s Ga,.,N(l>s>0)J^8m^j£&^*f W^ft.. ^JMT In s Ga,. 
25 s N(l>s>0)*^l*Jlfn I^Ga.^NC^s^OS^^HM^JKW^Jt^KW^^-. 

^Mffi In,Ga,.,N(l>s>0)fi^gJtJI*n GaN if MliJ^W^i?^^ 
Bt, ftfr:£T{l£T 700 'CJ^^T 950 TC^^-feSST^jSGaNSf^M, S 

30 &&)mnm. 

&@ 3 ftjE^^^ttJS n ±^^j^i?js^^ 100-200 a M5£m& 

AlGaN 12 . m&$J 0.4 m m ft5Mt& GaN TI 13 . WJ£% 4 m m [ft n 



M GaN &1&m 14 , MRmmZj 0.1-0.5 nm^ni AlGaN &JI 15 . & n S! AlGaN 
15±-fS«fc^Jfi;inGaN^raiM 16.J?^37 2O0-4O0AB<J5$c^& GaN 17, 

0.1-0.5 m mW pI AlGaN 18 . 
& p M AlGaN 18 _t?£j£ n St GaN ^ni AlGaN f&m&ftB 19 , 3£J? 
0.2-0.3 M m, fc^+**P#*r— tfttJFP. ftnl«agfl9fi<j±tl 
jfa^ttJFP^lftfffiE* 0.1-0.5 m m^pSGaN^il20. 

^Pi GaN gJ&Jl 20 Jtfl£l£ p 21 , tnl GaN-&ftk@ 14 _t7£j£ n % 
22 . 

^^^m^i6, igttw«^»»*ws. &*nx.m#m¥W&*im&&m : ? 
mm. Qim^wmmmmuy , xwftSWfto.iao.3nm. 

^»««lJBW1t«T. f^ilW JWCiStft* 10-50A, 

JET, ifllWf^* 10-50A, i?^iI65JIS^^^ 10-100A. 
pr5ia^^#^.+B^feit^ MOCVD S^f-^ a B a^^^J^Jtt^#^ 
*E*atB*. W 600 X:tt^Hfe»flC»jft*l^* AlGaN «JtH 12 , *E 1150 
C |ft£&®jgT^J&7»& GaN TI 13 . n M GaN 14 fP n M AlGaN & 

Jl 15, £ 700-950 x:M£fc^J^T3£/£ InGaN II" 16fHGaN&Jl 17, & 1150 
'"tSiSfe^ifeafiCT^JKp SI AlGaN 18 . n 19 p M GaN 

is 20 . 

4 + , 31 KJcftfiaiS^^ft 100-200 A #J*^& 

AlGaN ^#J1 32 „ j?Jg^ 0.4 n m &<J5fc#& GaN TI 33 , J¥^;*J 4 m m ift n 
S! GaN ^MJt 34 , \iA&&§EJ3 0.1-0.5 m m 6<J n M AlGaN 35 . £ n M AlGaN 

35 ±#c2W£j& InGaN 36 . J¥^3j 200-400 A GaN «fl 37 , 

IU&J?^3j 0.1-0.5 M mWpiAIGaN^f 38. InGaN Wi&M 36 ^rW-^^K^ 
Jg^J* InGaN 16 fBi^tf}*£1*JfRJ¥^. 

p SI AlGaN &m 38 E fR£^ffiE + :fc^/£lft##£. £ p SI 

AlGaN 38 W#>^±?£j&J?ft>&0.l m m W plGaNBUI 39 . & p M 
AlGaN 38 EM_t*ffifP W#W48® p SSii 39 lft#Jpf _t?£ 

J&J?jg^7 0.2-0.3 M m &tJ n M GaN gnl AlGaN &$5tffi.£iJi 40 . & p iltl 
39 ^QnSi%^lfl^il 40 ±Jgj£W& 0.1-0.5 u m^p MfeftkB 41 . 

ftpi GaN 41 _L?£j& p feft 42 , itnS GaN &ftfeJI 34 ±m& n % 



m. 43. 



?raiiftffl^«fiRS*» mocvd mn=dL&#£.&*fs&m.ik*3 t ft 

$Ct¥;##. ftftligftf , 600 TC W£-fcffi0H&jft5fcfr* AlGaN 32 , £ 1 150 

C MtkikUmTfef&^te GaN TM 33 . nl GaN ftfeUI 34 ft n M AiGaN 
M 35 , & 700-950 TC K^fefilTi^ InGaN ^i£J§ 36 ft3c$$< GaN III 



37, &1150X:W&-fciaKT^j£p3> AiGaNfeM38. p ill! 39 , ng!% 

ummm 40 ft p sj GaN mmB 41 . 

5 fej^ms^^MiS si _ttfc*fc?BjauSffi&:*:£j 100-200 a W*^* 

AlGaN 52, J?ft^0.4 m m W*^GaNTl53 , TO^nm^n 

m GaN gj&M 54 , BJl3UWE3f 0.1-0.5 (i rafiilnl AlGaN 55 . 

ftnl AlGaN 55 ±#c&^;£ InGaN ^Tigi/I 56 . S# 200-400 A 
GaN SIM 57 , BA&JMfc 0.1-0.5 n m^pl AlGaN 58 ftJ?^3/ 
0.1-0.5p.m M pi GaN till. InGaN 3T«iM 56 ^^m^MM* InGaN % 

HI 16*B|^#ji£faftJM£. 

£pSGaNftJttM59±^J&» + *^#9f Ptt Si0 2 . SiN ^ni GaN $L 
ffi®.&B60. & P g!GaNftftfcM59±^J#;pfefe61 , ftnl GaN 54 
±^^n%m62. 

lit^^JW^^^^^iiil^mifc^nffl^^^iQ MOCVD 3*t-#: 

B l^^*Jit. ^^JitB^t, W 600 -C M£.-frM8t : f&f&^& AlGaN 52 , 

IE 1 150 X: |ft£fcmjgT?£j£*3#^ GaN 53 , ni GaN gflftil 54 ft n W. 
AlGaN fejt 55 , # 700-950 TC |ft£-£i&j£T^j£ InGaN ^$®JI 56 ft*^& GaN 
&J1 57 , ft 1 150 X: &}±ikU&Tfcf& p IS AlGaN 58 ft p M GaN tMM 59 . 

Mft±i£ffiftttJ£T^ffi^fe«to£:ft##. 
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Win, 40 6^^- ftn!GaNl71 It^Mnl AIGaN M 72 
InGaN M 73 , GaN 74 ift InGaN Jl 73 ilM^JES, p M SiC 

H 75 • &llfc11?&T, & 700-950 C tfj£-£®^T^J& InGaN M 73 *P GaN Sfl 
74, 1300-1500 r^^-^mjgT^^p^ SiC 75. &jtfc#J*, InGaN Jt 

73 _t?£$;#J*#5& GaN 74ffiJjhTiAlnGaNM73 ^ft&J&TG^Tf *P In W 

60 7^ + , |Eni SiC JH 81 Jlfl^J^ InGaN M 82 , ^E^T^^^GaNS 
mm 83 tfl InGaN B 82 JL^jft p §U SiC M 84 . ^jtfcffi UT, *E 700-950 C 
-fcMJKT^/ft InGaN JI 82 GaN MMJs 83 , 1300-1500 C 

JgT^J&pM SiCM 84. ^Ibttfij*, InGaN M 82 ±^j£ftj*^£ GaN 
83 i±TA InGaN M 82 ^ #J*&ift7£^ii£n In #j£c*. 



1 1 



tSL m * 





- 2 - 




a 4 

- 3 - 




p -S i C 

G a N 

I nGaN 

n -A 1 GaN 



n-GaN 



.75 
• 74 

-73 
-72 

-71 



- 4 - 



p-S iC 



GaN 



I nGaN 
n — S i C 



84 

83 
82 

81 



107 




m 8 

- 5 - 



